Summary -The effect of simplifying covariance structures for milk, fat and protein yield in lactations 1-3 on accuracy of selection for lifetime yield was investigated using selection index theory. Previously estimated (co) 
Résumé -Utilisation du modèle animal pour l'estimation des paramètres univariates et multivariates concernant les caractères de production laitière. II. Efficacité de
INTRODUCTION
In a previous paper (Visscher and Thompson, 1992) , genetic and environmental parameters were presented for milk yield (M), fat yield (F) and protein yield (P) in lactations 1-3. If the breeding goal for dairy cattle breeding is some (linear) combination of these production traits in all lactations, an optimal way to combine all available information to (Wiggans et al, 1988a, b; Ducrocq et al, 1990 ; Jones and Goddard, 1990) .
Selection index theory is used to investigate the loss in accuracy of selection when simplified covariance structures are used to predict breeding values. A second aim is to investigate how to reduce the dimensionality of the above MV prediction problem to a manageable size without a great loss in accuracy.
MATERIAL
As reported previously (Visscher and Thompson, 1992) , the 9 x 9 genetic covariance matrix of M, F and P in lactations 1-3 was found to be not positive definite.
To create a (semi) positive definite matrix the single negative eigenvalue was set to 10-', and covariance matrices were recalculated. These matrices were then used for subsequent (index) calculations. Without loss of generality, phenotypic variances for M, F, and P in lactation one were set to 1.0. The parameters are summarised in table I. An alternative way to summarise the covariance matrices is to calculate eigenvalues and eigenvectors of the matrix P-1 G. Eigenvectors then represent linear combinations of the original traits which are independent of each other at the genetic and phenotypic level (Hayes and Hill, 1980; Meyer, 1985) .
The corresponding eigenvalues of the newly created traits, called canonical variates (eg Anderson, 1958 ; ch 12), have been termed canonical heritabilities (Hayes and Hill, 1980; Meyer, 1985) . Table II shows the eigenvalues and eigenvectors of matrix P -1 G, where P and G are the 9 x 9 phenotypic and genetic covariance matrices for milk, fat and protein yield in lactations 1-3 (M 1 F 1 P 1 M 2 F 2 P 2 M 3 F 3 P 3 ), calculated from parameters in Equations for the responses are using b = P-'Ga for the optimal index, and b = P-1 Ga for an index using estimates of P and G :
Where R, R and R * are the optimal, predicted and achieved response to selection in the aggregate breeding value (=H) respectively, expressed as a ratio of the selection intensity. Cohort 1: first lactation daughter average based on n l daughters Cohort 2:n 1 first lactation daughter records and n 2 second lactation records (n 2 < n l ) Responses to selection were calculated using equations (1), (2) (Searle, 1966 Hayes and Hill, 1980 ; and lMeycr, 1985, for This assumed the observed covariance matrices E and A were moment matrices, but degrees of freedom did not need to be specified. For A and E, the estimates of proportionality matrix K, K a and K e respectively, were:
For example, the estimate of the average scaling factor for genetic variances for M, F and P on the transformed scale (transformation such that new variates are uncorrelated) in lactation 3 was 1.74, and the estimate of the average scaling factor for environmental covariances between the transformed variates in lactations 1 and 3 was 0.58. If proportionality is assumed, the 9 x 9 MV prediction problem may be reduced to 3 independent 3 x 3 multivariate predictions or to 3 independent evaluations with a repeatability model. Using the breeding goals defined previously the efficiency of the reduction in dimensionality was calculated for mass selection, conditional on the parameters in Finally, 3 separate selection indices could be calculated from using (M l M 2 M 3 ), (F l F 2 F 3 ), and (P l P 2 P 3 ) respectively, and these 3 indices could be combined Dommerholt and Wilmink, 1986; Wilmink, 1988 Searle, 1966) , tr = trace operator L = natural logarithm of likelihood.
Using standard multivariate theory (eg Anderson, 1958; ch 
